Summary. A positive correlation was found between the levels of ATP in two-cell embryos from random-bred mice and the proportion of these embryos which developed to the blastocyst stage during culture in vitro. The better development of hybrid one-cell embryos to blastocysts than that of random-bred one-cell embryos may also be related to the higher amounts of ATP found in hybrid two-cell embryos cultured from the one-cell stage compared to those in embryos of the random-bred strain. The relationship between the ATP content of embryos and the proportion of embryos developing in vitro appeared to be different between the two groups of mice and was altered after culture in vitro.
INTRODUCTION
Various energy sources can support development of the mouse embryo in vitro at different stages of preimplantation development (Brinster, 1965a; Brinster & Thomson, 1966) . The levels of ATP in cultured mouse embryos are also affected by the source of energy available to the embryo, especially at the one-and two-cell stage of development (Quinn & Wales, 1973) . It would seem likely, therefore, that the developmental potential of an early embryo may be linked with its levels of ATP. Accordingly, the levels of ATP in both freshly collected two-cell mouse embryos and embryos which had been incubated for short periods in substrate-free medium to reduce their ATP content were measured and compared with the proportion of these embryos developing to the blastocyst stage in vitro.
By modification of the conditions of culture, one-cell embryos of certain 302 P. Quinn and R. G. Wales strains of mice will also develop to the blastocyst stage (Whitten & Biggers, 1968; Whitten, 1969 Whitten, , 1971 . Therefore, the levels of ATP in cultured one-cell hybrid embryos which were capable of continued development were compared with those in embryos of random-bred mice which have been found to cleave once only when cultured from the one-cell stage (Whittingham & Biggers, 1967) .
MATERIALS AND METHODS
One-and two-cell mouse embryos were collected from female mice which had been induced to superovulate as previously described (Brinster, 1965b) . Embryos were obtained either from mice of the randomly bred Quackenbush Special (QS) strain or from F] hybrid C57BLx CBA female mice mated with QS males. The basic medium used was a modified Krebs-Ringer bicarbonate solution containing 25 mM-DL-sodium lactate, 0-25 mM-sodium pyruvate, 1 mg bovine serum albumin/ml, 60 µg penicillin/ml and 50 µg streptomycin/ml (Brinster, 1965c) .
Where ATP determinations were made on freshly collected embryos, the embryos were washed twice (2 ml/wash) in basic medium. Embryos to be cultured were washed twice, transferred to droplets of medium in plastic Petri dishes containing 10 ml light paraffin oil and cultured at 37°C (Brinster, 1963) . In the experiments to determine the relationship between the levels of ATP in two-cell embryos obtained from mice ofthe QS strain and the subsequent development of the embryos to the blastocyst stage, twenty to thirty embryos were cultured in basic medium under an atmosphere of 5% C02 in air im¬ mediately or after incubation for 2 to 12 hr in substrate-free medium to reduce ATP levels. In the experiments to determine ATP levels in embryos developing from the one-cell stage, embryos from both random-bred QS mice and hybrid mice were cultured in either basic medium or medium similar to that used by Whitten & Biggers (1968) , except that the concentration of sodium bicarbonate was reduced to 22-5 mM and bovine serum albumin to 3 mg/ml (Whitten, 1971) . This modified medium contained 5-56 mM-glucose in addition to lactate and pyruvate and has been found to support the development of hybrid one-cell embryos to the blastocyst stage (W. K. Whitten, personal communication). The embryos were cultured in droplets of media, as described above, under either an atmosphere of 5% C02 in air or an atmosphere of 5% 02:5% CO2:90% N2 (Whitten, 1969) . All media were equilibrated with the appro¬ priate gas mixture before use.
Freshly collected or cultured embryos of normal morphological appearance were extracted with 50 µ cold 2 5% perchloric acid and the levels of ATP assayed in 20-µ1 aliquots as described previously (Quinn & Wales, 1971 , 1973 In the next experiment, one-cell embryos from the QS strain and F! hybrids were collected and cultured for 24 hr in basic medium (Medium 1) or the medium modified for the culture of one-cell embryos described in the Materials and Methods section (Medium 2). The embryos were cultured in these media Table 3 . The levels of ATP in (Brinster, 1965c; Wales, 1970) . Normally, the majority of cultured two-cell embryos can be expected to develop to the blastocyst stage and if this does not occur, the cause is usually attributed to some defective technique in the routine of the culture laboratory (see Whittingham, 1971) . From the results reported here, however, it is obvious that in some cases, embryos with a lower level of ATP than normal do occur and fewer of these embryos than normal develop during culture.
Experiments with other cells have shown that the levels of ATP can influence important cellular events involved in development. Freudenberg & Mager (1971) have reported that a decline in the ATP content of rabbit reticulocytes and Landschütz ascites tumour cells is accompanied by arrested protein syn¬ thesis in these cells. Corroborative evidence for a similar mechanism in mouse embryos is provided by the findings that, when pyruvate and lactate are com¬ bined in the culture medium at concentrations optimal for development, the incorporation of substrate carbon into protein by two-cell embryos is greater than in the presence of either substrate alone (Wales & Whittingham, 1973b) . A combination of pyruvate and lactate also maintains higher levels of ATP in cultured one-and two-cell embryos than either substrate alone (Quinn & Wales, 1973 Thomson & Biggers (1966) suggest that a small amount is required for the operation of the mitotic mechanism. Any inhibitory influence of low ATP levels on protein synthesis amplified through a large change in the level of ADP would thus be expected to affect embryonic development ad¬ versely.
The superiority of a medium which contains glucose and a high concentration of albumin in maintaining the levels of ATP in cultured one-cell embryos from both hybrid and random-bred strains of mice could be related to the beneficial effect of these compounds on the metabolism of the embryo. The addition of commercial crystalline serum albumin to substrate-free medium is beneficial to the development of eight-cell mouse embryos (Brinster & Thomson, 1966; Wales & Whittingham, 1973a) . Although this effect could be due to the utiliza¬ tion of exogenous protein for the metabolic requirements of the embryo, it appears that such utilization is low during the early cleavage stages (Brinster, 1971) and is unnecessary for the development of hybrid two-cell embryos when energy substrates are present (Cholewa & Whitten, 1970) . Thus, any influence of high concentrations of albumin on the levels of ATP in embryos is more likely to be related to a protective action, rather than a direct metabolic effect of the macromolecule. Although the mouse embryo cannot rely wholly on glucose to support development up to the eight-cell stage (Brinster, 1965a; Brinster & Thomson, 1966) , the earlier stages of development can incorporate glucose carbon (Wales & Brinster, 1968; Brinster, 1969) and this does con¬ tribute to the maintenance of ATP levels (Quinn & Wales, 1973 Whitten, 1971) . In the present experiments where the culture-dish method of Brinster (1963) has been used, 20 to 26% of hybrid one-cell embryos developed into blastocysts. Whitten (1971) has reported that 100% of one-cell embryos develop into blastocysts when the atmosphere contains 5% 02 but the proportion of embryos developing decreases rapidly as the 02 concentration is raised. Although different amounts of 02 in the culture atmosphere did not affect development of embryos in the present experiments, the beneficial effects of low 02 tension reported by Whitten (1971) may be related to the present finding that one-cell hybrid embryos developing into blastocysts contain higher levels of ATP if cultured under an atmosphere containing 5% rather than one containing 20% 02.
The low number of cultured one-cell embryos developing into blastocysts in the present experiments as compared to those reported by Whitten (1971) could be due to differences between strains of mice used in the respective experiments (see Whittingham, 1971) . The purity of components of the culture system could be important in promoting development during culture in vitro. In particular, the purity of the water used to make up the culture medium can affect the development of mouse embryos in vitro (Whittingham, 1971) . Water purity was unlikely to be responsible for the poor development of one-cell hybrid embryos reported here as all media in these experiments were made from five times glass-distilled water.
